Although ultraviolet irradiation and other external stimuli can induce an increase in the number of functioning melanocytes in skin, the mechanism of this multiplication of melanocytes in vivo is still a matter of speculation. Some light microscope studies have indicated mitosis of epidermal "clear" cells after stimulation (1, 11, (26) (27) (28) (2, 4, 10, 33) . Only rare melanocytes are "lost" from normal epidermis (8) ; therefore if normal melanocytes with tyrosinase activity can divide mitotically in vivo as do melanoma cells (,3, 18, 20) , then stimulation could promote additional mitotic activity of mature melanocytes. It would then not be necessary to postulate the presence of undifferentiated tyrosinase-inactive precursors in the normal epidermis (23, 26, 28, 35) . Mitosis would also provide an acceptable mechanism for the formation of new melanocytes to replace the small number of melanocytes lost during hair and feather shedding (14, 19, 31, 32) .
This study was undertaken to determine whether mitotic divisions can occur without external stimuli in differentiated melanocytes that contain immature and mature melanosomes and active tyrosinase.
MATERIALS AND METHODS
The neural crest-derived melanocytes of human skin, hair of black mice, and feathers of black chicks, and the non-neural crest-derived melanocytes of the retinal pigment epithelium of the eye were examined by light and electron microscopy. Human skin was obtained from the nonexposed skin of Caucasoid adult volunteers. Hairs in various growth phases (anagen stages I-VI) (25) from C57BL/6J mice (Jackson Laboratory, Bar Harbor, Maine), feathers of Black Minorca embryos, 9-21 days old (gift from the Massachusetts Audubon Society, Lincoln, Mass.), and eyes of White Leghorn embryos, 3-21 days old (Spafas, Inc., Norwich, Conn.), were examined.
The specimens were fixed in Karnovsky's cacodylatebuffered glutaraldehyde-paraformaldehyde mixture (17) . Half of the specimen was postfixed in 2% osmium tetroxide in the same buffer solution; the other half was washed with 0.1 M phosphate buffer, pH 7.4, incubated with 0.1% e-3,4-dihydroxyphenylalanine (DOPA) in 0.1 M phosphate buffer, pH 7.4, for 4-5 h at 37~ (15) , before postfixation with osmium tetroxide, for the demonstration of tyrosinase (DOPA-oxidase) in tissues. Controls for the DOPA reaction were tissues whose tyrosinase was inactivated by boiling for 3 min (15) . All tissues were finally stained en bloc with 1.5% uranyl acetate in 0.1 M Veronal buffer (pH 5.0) for 20 min, dehydrated in graded ethanol solutions, embedded in epoxy resin, and sectioned on the LKB microtome (LKB Instruments, Rockville, Md.). Sections were stained with lead citrate (30) and examined in a Siemens Elmiskop I electron microscope.
To identify population density of the epidermal melanocytes in the S (synthetic) phase of the cell cycle, 5-wk old black mice (C57BL) were injected intravenously (tail vein) with 4 t~Ci/g weight of [methyl-3H]thymidine (New England Nuclear, Boston, Mass., sp act 20 Ci/mmol) in normal saline. 24 h before injection, the tail skin was epilated by wax plucking (13). 6 h after thymidine injection, the tail skin was biopsied and fixed with 4% formaldehyde in 0.1 M phosphate buffer, (pH 7.0) for 1 h. The biopsy specimens were incubated with 0.1% DOPA in 0.1 M phosphate buffer (pH 7.4), for 3-4 h at 370C postfixed with 10% Formalin in 0.1 M phosphate buffer (pH 7.0), dehydrated in alcohol solutions and embedded in paraffin. Sections were processed for autoradiography (21) using a 1:1 dilution of Kodak NTB-2 emulsion (Eastman Kodak Co., Rochester, N.Y.), and counterstained with hematoxylin solution. Only nuclei with 10 or more grains were counted as labeled. 5 sections from each of six mice (30 sections total) were examined. To identify the population of melanocytes in the whole skin, some of the tissues were treated with 2 N NaBr for 2 h at 37~ and the split preparation of epidermis thus obtained was incubated with 0.1% DOPA in 0.1 M phosphate buffer (pH 7.4) at 37~ for 3-4 h, fixed with 10% formalin, dehydrated, and mounted on slides.
RESULTS

Epidermis
In the nonstimulated, unexposed human skin, two dividing melanocytes were found after extensive sectioning (280 sections) of multiple blocks from 18 Caucasoid subjects (5-6 sections from each block, and 3 blocks from each subject, were examined). One mitotic figure was found in a cell which, in contrast to the surrounding keratinocytes, contained a large "clear" perikaryon and a number of pigment granules (Fig. 1 a) . Serial thin sectioning showed that this dividing cell was devoid of tonofilaments but did contain 100-A filaments, ribosomes, and melanosomes (Fig. 2) . There was little granular endoplasmic reticulum. Golgi apparatuses were simple and inconspicuous. The presence of nonaggregated and singly distributed melanosomes in various stages of melanization indicated that this dividing cell was the melanocyte. The second melanocyte was in late telophase with beginning nuclear organization and peripheral membrane construction, but no welldeveloped nuclear membrane. Keratinocytes in mitosis were occasionally found in the same materials (Fig. 3) . The dividing melanocytes contained no Langerhans granules.
Autoradiographic study of the mouse tail skin demonstrated that 9 of 1,322 melanocytes were in the S phase of the cell cycle (0.75 + 0.28%) ( Fig. 1  b and c) . In the same specimens, however, 15.0% -4-5.5% of the keratinocytes showed an incorporation of thymidine. Split-DOPA preparation revealed that the population density of the melanocytes in the skin is 722 ~: 7.6 per mm 2 of epidermis.
Hair
Mitotic divisions in melanocytes were found in the normal growing (anagen) hair of mice (Fig, 1  d) . Electron microscope examination of the melanocytes during mitosis demonstrated a large number of immature and mature melanosomes (Fig. 4) . Histochemical studies indicated that the tyrosinase (DOPA-oxidase) was present not only in the melanosomes and smooth endoplasmic reticulum but also in small amounts in the entire perikaryon. Granular endoplasmic reticulum was sparse, and Golgi apparatuses were much less complex than they were in the nondividing melanocytes. The mitoses in melanocytes were more frequent in the hair follicles during anagen stages Ill and IV, when the hair bulb becomes tyrosinase positive and begins to extend downward into the deep dermis (19) . Mitosis in the melanocytes was rarely found in the hair follicles during anagen stages I and II, when the hair bulb is still tyrosinase negative. Langerhans' cells were not noted in their hair bulb. Tyrosinase activity was never found in other mitotic cells, i.e., keratinocytes or fibroblasts. 
Feather
Dividing melanocytes in the growing feathers of chicks were most prominent at days 9-11 of embryonic growth, when the feathers become tyrosinase-positive and start to extend downward into the epidermis as well as upward from the epidermal surface (14, 29) . There were more melanosomes and rough endoplasmic reticulum in the dividing melanocytes in feathers than in those of skin and hair (Fig. 5) . Langerhans' cells were not seen in the feathers.
Eye
In the retina of the chick eye, melanocytes in various stages of mitosis were most frequently seen between the 4th and 7th embryonic days (Fig. 6 a  and b) . At this time, the melanocytes had begun the synthesis of melanosomes and tyrosinase, and had formed junctional complexes with the neighboring cells. Fewer sacs of granular endoplasmic reticulum and less well-formed Golgi apparatuses were seen in these dividing melanocytes than in the later stages of embryonic growth, i.e., at day 10, Further, we have shown that the presence of such differentiating features as melanosomes and tyrosinase in melanocytes derived from the neural crest (29, 36) does not preclude the mitotic division of melanocytes in vivo under physiological conditions without external stimulation. It is not clear from the present study whether the non-neoplastic epidermal melanocytes synthesize melanosomes and tyrosinase during mitosis, although dividing melanoma cells in vitro synthesize active tyrosinase during G2 phase after administration of melanocyte-stimulating hormone (34) . The Golgi apparatus in dividing melanocytes was generally less developed during mitosis than during the interphase, indicating that "packaging" of tyrosinase may not be as active, although melanosomes and tyrosinase were still present.
In the normal epidermis, there is little need for melanocyte replication, since, although there are 35 keratinocytes to each melanocyte in the human germinal stratum (9), melanocytes of normal epidermis are almost never shed while one keratinocyte is generally shed for each one generated (6, 8) . In the hair and feather follicles, the exact population of melanocytes has never been determined, although it has been presumed that some melanocytes are lost during feather and hair growth (19, 29, 31) . Also, there are no data on the number or percentage of melanocytes lost during each hair and feather cycle. However, some melanocytes are apparently retained in the follicles, since Silver et al. (32) found by light microscopy clear cells with aggregated pigment granules in the telogen hair, and Jimbow et al. (14) found by electron micros- copy a few remaining melanocytes with mature melanosomes in resting feathers. The demonstration that mature melanocytes of hair and feather are capable of mitosis suggests that replenishment of melanocytes during the growth phase in these tissues could be the result of division of mature melanocytes. It is thus not necessary to postulate that the "indeterminate" cells of Zelickson and Mottaz (35) or the "a-dendritic" cells of Mishima et al. (22) are melanocyte precursor cells not yet producing melanin, and the "melanoblasts" of Silver et al. (32) are likely to be just mature melanocytes in mitotic division.
Our studies also indicated a much lower thymidine index (0.75%) for epidermal melanocytes than for epidermal keratinocytes (15%) under conditions (epilation) known to produce mild stimulation of keratinocyte mitotic indices (13) . The frequency of mitosis in completely unstimulated melanocytes is not known, although it may be as low as 0.1% if epilation or plucking increases the mitotic index of melanocytes by an amount (5-10 times) similar to that produced in the keratinocytes (7, 12, 16 during chemically induced depigmentation (13) might also be the result of activation of mitosis in the remaining differentiated melanocytes.
SUMMARY
Mitotic figures were demonstrated in the differentiated melanocytes of normal epidermal and nonepidermal tissues without the presence of external stimuli. These dividing melanocytes were present in adult human and mouse skin, mouse hair, chick feathers, and embryonic chick retinal pigment epithelium. In normal adult human epidermis, dividing melanocytes, though rare, were found in the nonstimulated areas. L-3,4-dihydroxyphenylalanine reaction on the melanocytes during mitosis demonstrated activity of the melanin-forming enzyme, tyrosinase, and ultrastructural studies demonstrated the characteristic melanosomes in variour stages of maturation. Other ultrastructural characteristics of the melanocytes during mitosis, except for the Golgi apparatus, which was smaller and less complex, were similar to those seen in well-differentiated nondividing melanocytes. Autoradiographic studies of thymidine incorporation into mouse skin indicated that 0.7% of epidermal melanocytes, when slightly stimulated, are in the S phase. Thus, in vivo differentiation of non-neoplastic melanocytes (to produce tyrosinase and melanosomes) does not preclude their replication by mitotic division.
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